The surprising omission of a reinforcer can enhance the associability of the stimuli that were present when the reward prediction error was induced, so that they more readily enter into new associations in the future. Previous research from this laboratory identified brain circuit elements critical to the enhancement of stimulus associability by the omission of an expected event and to the subsequent expression of that altered associability in more rapid learning. These elements include the amygdala, the midbrain substantia nigra, the basal forebrain substantia innominata, the dorsolateral striatum, the secondary visual cortex, and the posterior parietal cortex. Here, we found that consolidation of a surprise-enhanced associability memory in a serial prediction task depends on processing in the amygdala central nucleus (CeA) after completion of sessions that included the surprising omission of an expected event. Post-surprise infusions of anisomycin, lidocaine, or muscimol prevented subsequent display of surprise-enhanced associability. Because previous studies indicated that CeA function is unnecessary for the expression of associability enhancements that were induced previously when CeA function was intact (Holland & Gallagher, 2006), we interpreted these results as indicating that post-surprise activity of CeA (''surprise replay") is necessary for the consolidation of altered associability memories elsewhere in the brain, such as the posterior parietal cortex (Schiffino et al., 2014a).
Introduction
According to many theories of associative learning (e.g., Le Pelley, 2004; Pearce & Hall, 1980; Pearce & Mackintosh, 2010) , the surprising omission of an expected reinforcer within a learning trial can enhance subsequent attention to cues present on that trial, as reflected in the rate at which those cues enter into new associations later. This assertion has been supported in a variety of experimental procedures (Dickinson, Hall, & Mackintosh, 1976; Hall & Pearce, 1979; Haney, Calu, Takahashi, Hughes, & Schoenbaum, 2010; Holland & Gallagher, 1993a,b; Rescorla, 1991; Swan & Pearce, 1988; Wilson, Boumphrey, & Pearce, 1992) . Notably, these surprise-induced enhancements in cue associability do not occur in rats with compromised function of the amygdala central nucleus (CeA; Haney et al., 2010; Holland, 2016; Holland & Gallagher, 1993a,b; Holland, Thornton, & Ciali, 2000; Wheeler & Holland, 2011) .
Holland and Schiffino (2016) noted that the search for neural bases of surprise-induced enhancements of cue associability profitably distinguishes among surprise systems responsible for altering associability at the time of surprise, storage systems that represent altered associability values, and expression systems that access those altered values to implement more rapid learning later. A serial prediction task (Wilson et al., 1992) has proved particularly useful for this search, because the induction of surprise (and presumably the recalculation of cue associability) occurs in one phase of the experiment, but the assessment of the expression of altered cue associability as more rapid learning occurs in a subsequent phase. By separating these key functions widely in time (for example, across days), this procedure allows us to separately examine the effects of brain manipulations on the induction, storage, and expression of associability changes. In this procedure (Table 1) , rats first receive consistent serial light ? tone pairings in an expectancy phase to establish the light as a valid predictor of the tone. Half of those serial compounds are reinforced with food delivery and half are not. Next, in a surprise phase, for shift rats the tone is omitted on the nonreinforced trials, whereas consistent rats continue receiving the same trials as in the expectancy phase. Finally, the associability of the light is assessed in a test phase in which the light is directly paired with food. Within models such as that of Pearce and Hall (1980) , as the light comes to predict the tone in the expectancy phase, its associability decreases.
